Abstract--Nucleotide sequences of an internal fragment of iron-cofactored superoxide dismutase gene (sodB) from members of the genus Edwardsiella were determined directly from amplified DNA fragments. Sequences obtained were all 454 bp in length, and there was no insertion or deletion against that of Escherichia coli. Identical sequences were obtained for the three Edwardsiella ictaluri strains, the four atypical Edwardsiella tarda strains isolated from red sea bream Chrysophrus major, and the five strains of Edwardsiella sp. from Japanese eel Anguilla japonica, respec tively. In contrast, five classes of sodB sequences were found in 26 biochemically typical E. tarda strains and were assigned to sodB types 1 to 5. A phylogenetic tree based on the sodB sequences reveals that members of the genus Edwardsiella can be divided into two clusters, I and II, which differed from each other in their pathogenicity to fish. Cluster I is composed of the patho genic E. tarda strains isolated from Japanese eel, Japanese flounder Paralichtys olivaceus, nile tilapia Oreochromis niloticus, and ayu Plecoglossus altivelis, atypical E. tarda from red sea bream, Edwardsiella sp. from Japanese eel, and E. ictaluri, whereas cluster II is composed of the non-pathogenic E. tarda strains and Edwardsiella hoshinae. These data indicated that sequence analysis of sodB is an effective tool for identifying fish-pathogenic strains belonging to the genus Edwardsiella.
Edwardsiella tarda is recognized as a causative agent of edwardsiellosis in freshwater and marine fish and is widely distributed in aquatic environments (Park et al., 1983; Austin and Austin, 1993; Mamnur Rashid et al., 1994) . Strains highly virulent among fishes can be differentiated easily by serotyping; strains belonging to serotype A have high abilities to acquire iron and to produce a lethal toxin against Japanese eel Anguilla japonica and Japanese flounder Paralichtys olivaceus (lida and Wakabayashi, 1990; Suprapto et al., 1995 Suprapto et al., , 1996 . However, there is little information about the phylogenetic diversity among populations of E. tarda.
Previous work on the typing of E. tarda strains isolated in Japan, using isozyme electrophoresis of the enzyme iron-cofactored superoxide dismutase (FeSOD), has been successful in differentiating the SOD type 1 strains associated with fish diseases (Yamada and Wakabayashi, 1998) . In isozyme electrophoresis, variation in mobility results from structural differences, which are determined by the amino acid composition (primary structure) and by additional folding and assem bly into the secondary and tertiary structures. Hence, in many bacterial species, isozyme electrophoresis reveals the presence of genetic variation (Selander et al., 1986; Murphy et al., 1996) . 
DNA sequencing
Sequencing was carried out directly from the ampli fied DNA fragments with a Taq DyeDeoxy Terminator Cycle Sequencing Kit and a 377 DNA sequencer (Ap plied Biosystems) according to the manufacturer's instructions. For the sequencing of sodB, both N-termi nal and C-terminal regions of amplified fragments were sequenced with E1 F and 497R primers, respectively. Homologous sequences were identified with the FastA search program using the Genbank, DDBJ and EMBL Databases.
Multiple alignment was carried out with the CLUSTAL W program (Thompson et al. 1994) . The construction of phylogenetic trees was performed by the neighbor-joining method (Saitou and Nei 1987) . The bootstrap option, with 1000 bootstrapped runs, in the CLUSTAL W program was used to give the degree of confidence intervals for each node on the phylogenetic tree.
Results sodB sequencing DNA fragments of approximately 500 bp (the size predicted from the known sodB sequences) were ampli fied from all the strains used.
Sequences from the reference strains, E. coli IAM12119T, IAM1239 and ATCC25922, differed from that of K-12, but the analysis of the deduced amino acid sequences of sodB products revealed that nucleotide substitutions in sodB sequences were synonymous substitutions.
The sequences ob tained for members of the genus Edwardsiella were all 454 bp in length, and there was no insertion or deletion compared with that of E. coli. They showed highest similarities to those of P. aeruginosa sodB [L25675] or P. putida sodB [U64798], with identities of 76.9-79.0%. Identical sequences were obtained for the three Edwardsiella ictaluri strains, the four atypical E. tarda strains isolated from diseased red sea bream Chryso phrus major and the five strains of Edwardsiella sp. from diseased Japanese eel, respectively. Whereas five classes of sodB sequences were found in 26 biochemi cally typical E. tarda strains and were assigned to sodB types 1 to 5.
A phylogenetic tree based on sodB sequences showed that members of the genus Edwardsiella can be divided into two clusters, I and II, with high bootstrap values (Fig. 1) . Cluster I is composed of E. tarda sodB type 1, atypical E. tarda, Edwardsiella sp. and E. ictaluri, whereas cluster II is composed of E. tarda sodB types 2 to 5 and Edwardsiella hoshinae.
The assignment of populations of E. tarda to different clusters reflects structural differences in FeSOD enzyme. Strains pro ducing SOD type 1 were classified into the cluster I, whereas those producing SOD type 2 belonged to clus ter II.
The sodB sequences obtained were translated into deduced amino acid sequences, and these were subse quently aligned (Fig. 2) . It revealed that nucleotide substitutions in E. tarda strains were synonymous substi tution, except for one class, sodB type 1, with 12 amino acid substitutions from others.
The amino acid se quences for atypical E. tarda strains differed by one amino acid residue (at position 140; numbering accord ing to the E. coli protein) from that of E. tarda sodB type 1, which is composed of the strains from diseased Japa nese eel, Japanese flounder, Nile tilapia Oreochromis niloticus and ayu Plecoglossus altivelis. On the other hand, those of Edwardsiella sp. from Japanese eel, which produced acid from mannitol and did not produce hydrogen sulfide in API20E strips, differed by two amino acid residues (at positions 49 and 140). The number of sodB nucleotide and deduced amino acid substitutions per site between pairs of bacteria are shown in Table 2 . The level of substitutions per site between pairs of nucleotide (upper right-hand triangle) from the reference species, E. coli, were 0 to 0.018, whereas those of E. tarda strains were 0.004 to 0.130. In particular, both nucleotide and amino acid substitu tions per site between E. tarda sodB type 1 and other types were comparable to those of E. ictaluri and E. hoshinae.
Nucleotide sequence accession numbers
The nucleotide sequence data reported in this paper will appear in the DDBJ, EMBL and GenBank nucleotide sequence databases with the following accession numbers : E. coli IAM1239 (AB026684), E. coli IAM12119T and ATCC25922 (AB009855), E. hoshinae (AB026682), E. ictaluri (AB026681), E. tarda sodB type 1 (AB009853), type 2 (AB009850), type 3 (AB009851), type 4 (AB009852), type 5 (AB026680), atypical E. tarda (AB009584) and Edwardsiella sp. (AB026683). In the previous work on the typing of E. tarda strains, Japanese isolates were divided into two major populations: groups 1 and 2, according to structural differences in FeSOD and catalase enzymes (Yamada and Wakabayashi, 1998) . Due to the sources of the strains used, and their virulence to Japanese eel, we concluded that the occurrence of edwardsiellosis in Japanese fish might be caused by the strains classified into group 1, which produce SOD type 1 and catalase type 1. In the present study, sequence analysis of sodB revealed that structural differences in FeSOD enzyme were caused by the amino acid compositions (primary structure) with at least 12 or 13 amino acid substitutions between SOD types 1 and 2. Because of the limitation of isozyme electrophoresis using a single buffer pH, buffer system and concentration of gel, previ ous typing did not succeed in showing the structural differences in sodB products between E. tarda sodB type 1 and atypical E. tarda. However, sodB sequencing supports the conclusion that isozyme electrophoresis of FeSOD enzyme can show the genetic variation in biochemically typical strains of E. tarda.
A phylogenetic tree inferred from sodB sequences also supported the previous typing into groups 1 and 2, and indeed, revealed that these represent phylogeneti cally distant populations. Strains belonging to group 1 could be classified into cluster I and had a close relation ship to those species associated with fish diseases (E. ictaluri and Edwardsiella sp.). Whereas cluster II is composed of the strains of group 2 and are closely related to a species non-pathogenic to fish, E. hoshinae. In the present study, the strains producing acid from mannitol and not producing hydrogen sulfide after the cultivation for 48 hours, agree with E. tarda biogroup 1 proposed by Farmer III and McWhorter (1984) , were identified as Edwardsiella sp. because of the disagree ment in the characters of citrate utilization and acid production from sucrose in API20E strips. The electro phoretic mobilities of their sodB products, FeSOD, differed from SOD type 1, but they showed close rela tionships with E. tarda sodB type 1 and atypical E. tarda on their 16S rDNA sequences as did sodB (unpublished data). Because the strains used represent 14 strains from diseased Japanese eel and they reacted with anti -E. tarda E22 (serotype A) rabbit serum, they might be miss-identified as typical E. tarda by the diagnosis depending on the slide agglutination, though they are sometimes associated with edwardsiellosis in Japanese eel.
The phylogenetic study of E. tarda presented here does not support the view that isolates from diseased Japanese fish are monophyletic with the type strain ATCC15947. Genetic difference between ATCC15947 and the isolates from diseased fish were also found in RFLP analysis of 16S rDNA, and probably exists in the gene encoding catalase enzyme, which differed in struc ture as did FeSOD (Yamada and Wakabayashi, 1998) . Taxonomic confusion of E. tarda is shown by the appli-cation of two names, E. tarda and E. anguillimortifera, for the organism with the type strain ATCC15947. Presently, the well known and accepted name E. tarda is used to avoid further confusion in medical and veterinary microbiology (Austin and Austin, 1993) . Because the nucleotide substitutions in sodB sequences between ATCC15947 and diseased fish isolates are comparable to that of different species, further taxonomic studies within the genus Edwardsiella may better resolve the taxonomic confusion concerning E. tarda using the name of E. anguillimortifera to the isolates from diseased fish.
